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1. Title of the Invention 

SEMICONDUCTOR DEVICE -t. 

2. Scope of Patent Claim ..j .. ' .... il-:-.. 

1. A semiconductor device including a subsfrate or 
a first electrode formed on the s ubstrate, a non-sinale crvs- 
tal semiconductor having at least one' of a PI, NI or PIN " 
junction on said electrode, and a second electrode on said 
semiconductor, characterized in that an int rinsic or substan- 
tially intrinsic semiconductor laver constitut ing said junc- 
tion has Phosphorus contained in the imouritv density of 5 x 
lOlS cm;^. 

2. A semiconductor device as claimed in claim 1, 
wherein said intrinsic or substantially intrinsic semiconduc- 
tor layer is made of silicon or germanium to which hydrogen or 
halogen element having a semi-amorphous or amorphous structure 
with lattice distortion. 

3. A semiconductor device as claimed in claim 1, 
wherein said intrinsic or substantially intrinsic semiconduc- 
tor layer contains oxygen of 5 x lOi^ cm-3 or less. 

3. Detailed Description of the Invention 

The present invention relates to a photoelectric 
conversion device conqprising an intrinsic or a substantially 
intrinsic semiconductor layer having at least one of the PI, 
NI, and PIN junction, said device fabricated by using an ultra 
high purity gas for sextiiconductor fabrication whose concentra- 
tion of phosphorus is decreased to a super low level, and to a 
process for fabricating the same. 

An object of the present invention is to provide a 
semiconductor device such as a photoelectric conversion device 
coooprising a substrate, optionally having thereon a first 
lectrode, and a non-singl crystal semiconductor layer having 



at least one of a PI, ni, and PIN junction fabricated by 
depositing independently each of the layers of a P-type, an I- 
type; and an N-type semiconductor. In an intrinsic or a sub- 
stantially intrinsic semiconductor layer (i.e., a semiconduc- 
tor layer into v^ich a P-type or an N-type impurity is con- 
taminated either accidentally or intentionally at a concentra- 
tion of from 1 X 1014 to 5 x 10" cm-3) which generates 
photovoltaic force upon irradiation of light in the photo- 
electric conversion device according to the present invention, 
it, is. an. object of. the present invention to decrease the 
concentration of phosphorus in a gaseous silicide such as 
silane. Phosphorus which is particularly undesirable because 
it enhances the insulating properties, reduces the diffusion 
length of carriers (particularly of holes) by combining with 
P-type impurities to cause impurity scattering, and further 
induces the generation of recombination centers is set to 5 x 
10-15 cra-3 or less, preferably to 1 x lOH cm-3 to 3 x 10" cm-3, 
thet is, the concentration of PH3 whithin silicide gas such as 
silane is set to a very low concentration of 3 x 10-3 to 1 ppb. 

The object above is accomplished in the present inven- 
tion by taking advantage of the molecular size of the reactive 
gas that is used in the device fabrication, for example, a 
gaseous silicide such as silane, polysilane, and silicon 
fluoride, or a gaiseous germanium coitpound such as germane. 
More specifically, the reactive gases above have an effective 25 
molecular diameter of 4.8 A or leirger. 

Accordingly, phosphorus in^nirities (particularly 
phosphine, i.e., the hydrogenated compouod thereof) having an 
effective molecular diameter (referred to sin?>ly hereinafter 
as -molecular diameter-) of 4.5 A or less is removed from a 
gaseous silicide using a molecular sieve or a zeolite having 
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an effective pore diameter in the range of from 2.9 to 4.65 A. 
It is also an object of the present invention to remove by 
adsorption, an inpurity which provides donor centers or which 
"?arts insulating properties to the resulting product. More ' 
specifically, for instance, the present invention also aims at 
removing a gaseous oxide such as water (H2O) , gaseous carbon 
dioxide (CO2). and gaseous oxygen (O2) ; or a gaseous carbide 
such as. methane .(CH4) , ethane (CjHe) , propane (C3H8) , CH3OH, and 

- To promote that absorption ability, another object of 
the present invention is too cool the temperature of absprp- 
tion material which conducts the chemical absorption from -20 
to -r40 "C, and also to cool column to -30±10 ehich is the 
maximum of the absorption capability so as to make the 
capability' 500 -times or mare as high as high tenperature. 

' In this manner, the initial intrinsic conversion 
efficiency of 6 to 8 % under an AMI condition (100 mW/cm2) of 
an unpurified non-single crystal semiconductor such as an 
amorphous semiconductor can be increased to a range of from 11 
to- 14.5 %. : 

3v-r;.; Particularly in the I -type layer, i.e., the active - 
semiconductor layer of the PIN junction, the reason why it is ' 
easily rendered M-conductive or weakly N-conductive. As a 
result, the principal reason was found to be phosphides, 
oxides, and C2u:bides, which remain in the reactive gas as 
impurities in the reactive gas. Accordingly, the concentration 
of phosphorus is lowered from the conventional level in a 
range of from 5 x 10i« cm-s to 1 x 10" cm-3 to a range of 1/50 
to 1/104 thereof. More specifically, the concentration of 
phosphorus is controlled to be as low as 1 x 10i« an-3 or 



lower, preferably to a range of from 3 x lOis to 1 x IO12 cm-3. 
Fiirthermore, the concentration of oxygen is lowered from the 
conventional level in a range of from 2 x IOI8 cm-3 to 4 x 10^8 
cm-3 to a range not higher than 5 x 10^^ cm-3, preferably to a 
range of from 1 x IOI6 to 1 x lOi^ cm-3, and that of carbon 5 
clusters is decreased to a level of 4 x 1017 cm-3 or lower, 
preferably, to a range of from 4 x IOI6 to 1 x 1013 cm-3. carbon 
clusters as referred herein signifies cluster-like ccirbon 
atoms that are combined by a plurality of C-C bonds inside the 
semiconductor. In this manner, the density of recombination 10 
centers inside a semiconductor, for exanple, a silicon semi- 
conductor, is successfully lowered from the initial 1 x IOI8 
cm-3 to 1 X 1017 cm-3 or lower, and preferably, to a range of 
from 5 X 1014 to 1 x IOI6 cm-3. 

Conventionally, phosphorus atoms have been believed to 15 
behave as donor- type impurities inside a semiconductor; more 
specifically, inside a single crystal silicon semiconductor. 
Accordingly, the preferred concentration thereof has been 
believed to be as low as possible. However, because recombina- 
tion centers such as hydrogen atoms are present, no request 20 
has been made so far to decrease the concentration of phos- 
phorus in a non-single crystal silicon to a level as low as 
that of a single crystal silicon. In the due course of 
implementing the present invention, however, it has been found 
that the diffusion length of the minority ceurriers, par- 25 
ticularly the holes, has been found to be decreased prin- 
cipally by the presence of phosphorus atoms. Accordingly, an 
object of the present invention is to lower the concentration 
of phosphorus that is present in the form of phosphine in the 
staorting gaseoxis reactive material, e.g., silane. More 30 
specifically, an object of the present invention is to lower 
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the concentration of phosphine the starting gaseous silane to 
a level of 1 ppm or lower, and preferably, to a level in a 
range of from 0.01 to 1 ppb. Concerning other iir5>iirities such 
as oxygen that are conventionally known to be present in an I- 
type semiconductor layer, oxygen atoms have been believed to 
locally form Si-O-Si bonds to impart insulating properties to 
the semiconductor. However, in case oxygen atoms aggregate 
into a cluster containing from several to several tens of 
atoms inside the semiconductor, the clusters then provide 
recombination centers for the electrons or holes. These recom- 
bination centers fxanction as killers of the minority carriers 
which generate upon the irradiation of a light. It has been 
confirmed that this clearly occurs in a non-single crystal 
semiconductor fabricated by a plasma enhanced camical vapor 
deposition process. Furthermore, the dangling bonds of oxygen 
have fotind to function as N-type donor centers. Thus, it has 
been found that a semi -amorphous (semi-crystalline) structure- 
sensitive non-single crystal semiconductor having lattice 
strain is readily rendered N-conductive. 

It can be seen from the foregoing that it is believed 
particularly iii5>ortant from an industrial point of view to 
fabricate a structxire-sensitive intrinsic semiconductor from 
which oxygen"^ atoms are sxabstantially removed. The oxygen atoms 
are preferably present at a concentration as low as possible, 
because they provide the donor centers. Intrinsic semiconduc- 
tors as referred herein signify those having a Fermi level at 
approximately the center of the band width. 

In the light of the aforementioned circvanstances, the 
semiconductor device according to the present invention is 
characterized in that impurities are removed from the silicon 
s«tticonductor. The device according to the present invention 
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is also characterized in that said semiconductor coirprises 

silicon added therein hydrogen or halogen atoms as the prin- " 

cipal components, because hydrogen and halogen atoms function ^ 

to neutralize the recombination centers, and that a trivalent 

or pentavalent iitpurity is added at a concentration of from ' 5 

1014 to 3 X 1017 cm-3 to shift the Fermi level of the resulting 

semiconductor • 

- In general, silane molecules are less than 5 A (more ~ 
^specifically, from 4.8 to 5 A) in effective moleculaar - ~~ '-'^-'^ 
diameter. Germane molecules are about 6 A in diameter. iq - 

Polysilane cire further larger in effective molecular diameter. 

Considering a reactive gas comprising molecules having 
the smallest effective molecular diameter, i.e., silane 
(monosilane) molecules, for instance, the gas contains other 
inpurities as listed in Table 1. 15 

Table 1 " - ^ : - 

For Epitaxy For elec tronics 



Purity (%) 


99.99 


99.99 




Hydrogen (ppm) 


300 


3,000 




Nitrogen 


5 


50 


20 


Oxygen 


0.1 • 






Argon ' ~" 


10 


50 ■ 




Helixjm - ^ 


10 


50 




Methane 


5 


50 




Ethane 


0.1 


0.5 


25 


Ethylene 


Ovl 


0.5 




Propane 


0.1 


0.5 




Propylene 


0.1 


0.5 




Chloride 


10 


50 




Phosphine 


0.05 


0.5 


30 


Water 


3 


5 
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In a practical process of epitaxial growth of a semi-. . 
conductor, the concentration of oxides and nitrides is lowered 
to about 1/30 of the nominal value due to the secpregation 
effect which occurs during the gas-solid reaction. „^^_^:^. . 
Accordingly, a substantially intrinsic semiconductor having a 
resistivity of 100 £i-cm-i or higher can be obtained. 

In case of employing plasma enhanced chemical vapor 
deposition in a temperature range of from 100 to 400 using 
glow discharge,., however, a physical purification, method, taking 
advantage of .^the segregation can no longer be expect:ed to. take 

place. , r ; . ■ • 

It can be readily understood that in the case above 
using plasma enhanced chemical vapor deposition, the im- 
purities enumerated in Table 1 are directly incorporated into 
the semiconductor. Phosphorus atoms, in par ticulcu:,. cLre ob- 
tained as deconposition product from phosphine to provide 
donor iir?)urities. With respect to oxygen, all of the oxygen 
atoms react with si lane to provide silicon oxide as the reac- 
tion product. A pcurt of silane molecules, more specifically, 
from 1 to 5 % of the entire molecules, is activated (ionized) 
by the plasma reaction. Accordingly, it has been fo\md that 
silane is condensed inside the thin film semiconductor at an 
extremely high concentration. This accoxants for about 20 to 30 
times the concentration of silane in gaseous state. Phosphorus 
and oxygen each accumulate at a concentration of from 1 x IQi^ 
to 3 X 10i€ cm-3 and from 2 x 1018 to 4 x 1018 cm-3, respective- 
ly. It has been also found that phosphorus contained in the 
metallic cylinder at a concentration of about 15 ppm reacts 
with hydrogen after a long term storage of hydrogen to yield 
phosphine. Phosphine is then incorporated as an impurity 
insid silane. 



It is therefore found experimentally that it is ex- 
tremely important to purify the reactive gas in the reaction 
apparatus before using it in plasma enhanced chemical vapor 
deposition process. 

Thus, more specifically, it is psirticularly iirportant 5 
in the I-type semiconductor layer according to the device of 
the present invention to decrease the concentration of phos- 
phorus and oxygen to 1 x 10^5 cm-3 or lower and to 5 x lO^^ cm-3 
or lower, respectively. The very object of the present inven- 
tion is to purify the semiconductor. 10 

The present invention is described in detail referring 
to the accompanying figures. 

Fig. 1 shows the scheme of an apparatus for 
fabricating the semiconductor device according to the present 
invention. 15 

Referring to Fig. 1, a reactor (1) is equipped with an 
external heating furnace (21), substrates (22), a pair of 
electrodes (3), (3'), a high frequency oscillator (2) (for 
instance, a 13.56MHz or a lOOKHz generator), another oscil- 
lator (17) for activating and deconposing the reactive gas, 20 
for instance, a 2.45isHz generator or any which produces a 
microwave 1 GHz or higher in frequency, and an attenuator 
(18); 

The microwave thus generated was supplied from an 
outlet protected by a ceramic member (19) to the reaction 25 
furnace (1) maintained at a pressure of from 0.001 to 10 Torr. 
The entire reaction ftamace is covered with a shield (20) to 
prevent jamming from occurring. The electric field which 
develops upon depositing the thin film semiconductor on the 
sxibstrates (22) using a reactive gas is controlled to be in 30 
parallel with the stirface of the sxibstrate. Furthermore, the 
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reactive gases are arranged in such a manner that they make a 
laminar flow in parallel with the s\irface of the substrates 
when they are introduced into the reaction furnace. 

The reactive gas is introduced from an inlet (7) using 
a carrier gas, for example, gaseous hydrogen whose concentra- 
tion of impurities such as oxygen and water is lowered to 1 
ppb or less, and preferably, to 0.1 ppb or less. In case of 
forming a thin film silicon, a gaseous silicide, i.e., silane, 
is introduced from an inlet (4) . At the same time, diborane 
diluted to a concentration of from 500 to 5,000 ppm using a P- 
type impurity, hydrogen, as well as phosphine diluted with 
hydrogen are introduced from inlets (5) and (6), respectively. 

The reactive gases above are introduced into the 
reactor at a predetermined rate each via pairs of gas 
piarifiers (11) and (14) , (12) and (15), and (13) and (16), 
respectively. Molecular sieves or zeolite 4.5A having an 
effective pore diameter in a range of from 2.7 to 4.65 A 
(representatively, an effective pore diameter of 4.5 A) are 
provided on the inlet side for the silane reactive gas (4) of 
each of the gas purifiers . More specifically, 4.5A is a porous 
molecular adsorbent "expressed by a molecular formula (K4Zn3) ( 
AIO2) (Si02)i2-xH20. Furthermore, the gas passed through the _ 
adsorbent is also passed through a porous molecular adsorbent, 
i.e., a molecular sieve or zeolite commercially known by the 
trade name of 3A, having an effective pore size in a range of 
from 2.7 to 3.31 A and expressed by a molecular formula Na( 
AIO2) (Si02) •XH2O. 

The chemicad adsorption ability of the purifiers can 
be fxirther increased by cooling them to a temper a txire in a 
range of from -70 **C to room temperature. More preferably, to 
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selectively adsorb phosphine without adsorbing silane and the 
like, the purifiers are cooled in a temperature range of from 
-40 to -20 **C, for exanple, at -30 ^'C by means of electronic 
thermostats (8), (9), and (10). With respect to diborane 
diluted using hydrogen, all of the impurities such as water, 
phosphine, and oxygen are removed in two stages using 3 A or 4A 
at first, and then using 4.5A. 

Particularly for silane, not only the concentration of 
oxygen which tends to render the semiconductor N-type conduc- 
tive, but also that of phosphine is desirably lowered to 0.01 
ppb or even lower. Accordingly, 3A is used as first to remove 
water; the subsequent use of 4.5A to remove phosphine is found 
effective. 

Evacuation is carried out using an evacuation system 
comprising a needle valve (25), a stop valve (24), a vacuum 
puirp (23), and then through an outlet (26), The inner pressure 
is thus maintained in a range of from 0.001 to 10 Torr, 
representatively, in a range of from 0.05 to 0.15 Torr. 

Fig. 2 shows the characteristic curve of a semiconduc- 
tor layer deposited using the appeuratus illustrated in Fig. 1. 
A 1 fUn thick thin film of a non-single crystal semiconductor 
is deposited on a sxibstrate, e.g., a glass sxibstrate, at a 
stibstrate'^enperature of 250 in a reaction furnace the 
inside pressure of which is maintained at 0,1 Torr. The con- 
ductivity upon irradiation of light (AMI) and dark 
conductivity in relation with the high frequency output are 
shown in the graph. Referring to Fig. 2, the curve (29) shows 
the change in photoconductivity with the change in high fre- 
quency output, and the c\irve (30) shows the dark conductivity. 
If silane is used as it is without purification, as described 
in the foregoing, the initial inpurities that are present in 
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the gas cylinder are delivered into the semiconductor layer. 
Those impurities, particularly phosphorus, render silicon N- 
conductive, and oxygen or carbon renders silicon amorphous. 
Thus, two curves (29) and (30) are shovm in Fig. 2. More, 
specifically, a photoconductivity of 10-3 (ft-cm)-! is obtained 
at a high frequency output of from 20 to 30 W, however, the 
crystallinity of a part of the semiconductor is iii5>aired at 
the same time. Thus, the resulting silicon is rendered semi- 
amorphous. This happens because oxygen atoms that are presen^ 
as impurities in the semiconductor function as donor centers . 
to impart the entire semiconductor N-type conductivity. 
Conclusively, an intrinsic semiconductor can be obtained by 
adding boron or any other impurity which imparts the opposite 
conductive type to the semiconductor at a concentration of 
from 1 X lOiV to 3 X 10" cm-3, or by controlling the high 
frequ^cy output in a low region of from 1 to 5 W. However, 
both of the "means considerably lower the photoconductivity to 
the order of from 10-5 to 10-* (il-cm)-!. 

Instead of the conventional methods, the present 
invention enploys a highly purified silane. More specifically, 
the silane gas for use in the present invention is sufficient- 
ly purified in gas purifiers (11) and (14) (Fig. 1) . 
Moreover, gaseous silane is charged inside the gas cylinder 
after sufficiently purifying the gas. As a result, photocon- 
ductivity curve (27) and dark conductivity curve (28) as shown 
in Fig. 2 are obtained for the thin film silicon according to 

the present invention. 

The f igxire clearly reads that a high photoconductivity 
of 10-2 (n.cm)-i is obtained at a low plasma discharge output 
of from 1 to 10 W, and that a low dark conductivity is ob- 
tained in a range of from 10-9 to 10-7 (ft.cm)-i. That is, a 
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sufficiently high activation energy as an intrinsic semicon- 
ductor is obtained, and that a Fermi level of about a Eg/2+O-i. 

0,2 ®V is achieved. 

The characteristics of the thin film silicon are 
studied in further detail. According to the results of X-ray 
diffraction, a poorly crystallized thin film with lattice 
stradLn is identified on the product obtained at a plasma 
discharge output of from 5 to 10 W. Assxzmably, a semi-amor- 
phous semiconductor having an intermediate structure between 
amorphous structxire and crystalline structure is formed in 
this case, because the diffraction angles are found to be 
lowered by 0.5 to 1.5 degrees as conpared to those of a crys- 
talline semiconductor. 

When an intrinsic semiconductor is fabricated by 
plasma enhanced chemical vapor deposition in a temperature . 
range of from 100 to 300 ""C, for instance, at 250 im- 
purities inside silane tend to be incorporated into the semi- 
conductor at a concentration from 30 to 100 times as high as 
that of a semiconductor fabricated by a simple CVD process or 
epitaxial growth. Thus, it can be readily understood that the 
use of an ultra-pure silane asf the starting material is the 
key of the process. By enploying such silane gases of ultra- 
high purity, a semiconductor with a low dark conductivity but 
with a high photoconductivity in a range of from 10-3 to 10-2 
(n-cm)-i can be obtained even when the product is obtained at a 
low plasma power output of frOTi 1 to 5 W. The photoconduc- 
tivity of the product thus fabricated according to the present 
invention is well comparable to that of a single crystal 
silicon, i.e., 10-2(Q-cm)-i. In the semiconductor thus ob- 
t«mied, the diffusion length of the minority carriers, par- 
ticularly that of the holes, is found to be in a range of from 
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3 to 20 pm. This is 30 times or more longer than the value 
(from 0-1 to 0.6 pm) of an amorphous silicon obtained by a 
conventional plasma enhanced chemical vapor deposition 
process • 

^ The present invention is particularly advantageous in 
that a high quality semiconductor is producible at such a low 
plasma power output. More specifically, in fabricating a PIN 
jxjinction as in the process of the present invention by sequen- 
tially depositing the and N-type layers in this order, 
a mixed layer is apt to form at the boundary of the layers 
differing in cohductive type if a high plasma power output is 
applied. More specifically, a distinct boundary is preferably 
formed between the layers differing in conductive type. Thus, 
if this is attempted by applying a high plasma power output in 
case of forming an I-type layer on a P-type layer, for 
instance, the sputtering effect of the discharge damages the P 
layer . 

In case a microwave at a frequency of 2.45 GHz is 
applied, the deposition rate of the thin film is found to 
increase to about 3 to 5 times that of the case with reference 
to Figl 2: The characteristics of the resulting thin film 
semicbhductor are" the same, but the deposition rate is 
increased because th^ ionization ratio of the reactive gas can 
be increased by applying power at a higher frequency of 2.45 
GHz. More specifically, in case of depositing a thin film by 
flowing silane at a rate of 30 cc /minute xinder a pressure of 
0.1 Terr, for instance, the deposition rate is as low as 1 to 
3 A/second if a high frequency plasma alone is applied. 
However, the deposition rate can be increased to a range of 
from 10 to 15 A/second by sixaply adding the microwave at a 
frequency of 2.45 GHz. 
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Fig. 3 is a graph obtained through an experimentation 
to show how the gas purifier is effective in purifying silane. 

Referring to the graph in Fig. 3, the abscissa shows 
the concentration of phosphorus in the thin film. The con- 
centration is determined by means of IMA (Ion Micro Analyzer) 5 
made by CAMECA. The ordinate of the graph shows the electric 
conductivity in case light is irradiated to the film. 

The curves are for the case both 4.5A (11) and 3 A (14) 
are employed for a silane system. The tenperature of the 
column is varied from room teitperature to -300 **C to improve 10 
the adsorption power of 3A and 4.5A. Oxygen is foxond to be 
present in a concentration from 30 to 100 times the concentra- 
tion of phosphorus. However, the concentration of oxygen is 
found to decrease proportionally with reducing concentration 
of phosphorus. 15 

Curve (45) and curve (46) each show the 
photoconductivity and dark conductivity, respectively, in case 
no purifier is used. It has been found that the value can be 
lowered to 1.2 x 10^^ cm-3 by using the purifier at room 
tempera txire . By fxirther lowering the teinperature to 0 -10 20 

and -30 **C, the concentration of phosphorus impurity is 
found to decrease to a value of 3 x lOi* atom- cm-3, 2 x 1013- 
a torn •cm-3, "and i x lO^^ atom^cm-3, respectively. As a result, 
photoconductivity (41) and dark conductivity (42) cxirves are 
obtained. These values are obtained using the apparatus shown 25 
in Fig, 1 iinder a high frequency output of 2 W. 

To obtain the oxygen and carbon concentrations, it is 
peurticularly inportant to control the concentration of phos- 
phcrris in silane to 1 ppb or lower and that of oxygen to 0.03 
ppm (30 ppb) or lower. By lowering the tCT5>erature from room 30 
tenperatxire to a lower region, the impurity concentration of 
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phosphine can be lowered to 10 ppb (at 0 **C) and further to 

0. 1 ppb (at -30 ''O . The iir^jurity concentration of oxygen 
(inclusive of water) can be lowered to 0.01 ppm (at O^'C) , and 
further to 0.003 ppm (at -30 ^'C) . The concentration of..,., 
hydrocarbons Cn^in is found to be decreased to 0.1 ppm, and. 
further to 0.01 ppm. By decreasing the temperature to -100 **C, 
silane adsorption is found to occur on the sxirface of mass 
spectrometers provided inside the purifiers equipped with 4.5A 
and 3A. Silane adsorbed by the mass spectrometer^ impairs the 
adsorption power of the purifiers to phosphine, however, it 
reversely increases the adsorption ability for os^en.^, - 

As a matter of course, such a high level of pxirifica- , 
tion can be realized by controlling the total leak of the 
reaction system shown in Fig. 1 to 1 x lO-io cc/sec or lower, 
and preferably, to 1 x IO-12 cc/sec or lower. Accordingly, the 
mechanism of the joints and the like in the system is also a 
key factor in achieving a high piirity gaseous silane. 

Referring to Fig. 4, a structure fabricated by using 
the fabrication apparatus in Fig. 1 is described. Referring to 
Fig. 4 (A), a clear conductive film (33) is formed on a glass 
substrate ,(32), and a P-type silicon carbide (SixCi-x; 0 < ^ < 

1, e^g., X = 0.8) or a P-type silicon semiconductor (34): is i . 
deposited further thereon at a thickness of 100 A. The entire 
system is then sufficiently evacuated using a cryo punp (45), 
and a purified silane is introduced therein to form an intrin- 
sic semiconductor layer (31) to a thickness of 0.5 nm. After 
evacxiating the entire system again, a 200 A thick N-type 
semiconductor layer (31) is further deposited thereon using 
silane containing 1 % phosphine. Finally, aluminum film (36) 
is vacuum deposited according to a known proc ss. 
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The high frequency power output in the 'process above * 
is controlled to 2 W while maintaining the siibstrate 
teirperature at 250 ^'C. A conversion efficiency of 11.8 % is 
obtained on the resulting structure. 

The characteristics of the glass siabstrate can be 5 
further ameliorated by fabricating a photoelectric conversion 
device of a PIN junction type as illustrated in Fig. 4 (B) . 

Referring to Fig. 4 (B) , a 200 A thick P-type semicon- 
ductor layer (34), a 0.5 \m thick I -type seniconductor layer 
(33), and a 150 k thick fibrous structured N-type semiconduc- 10 
tor polycrystalline semiconductor layer (35) are deposited on 
a stainless steel substrate (32) using the apparatus as shown 
in Fig. 1. An ITO (indium tin oxide containing from 10 % or 
less of tin oxide) film is vacuum deposited thereafter as a 
transparent electroconductive film (43), An aluminum auxiliary 15 
electrode (36) is provided thereon to obtain the final struc- 
ture. 

For the structxire thus implemented and illustrated in 
Fig. 4 (A), the characteristic curve for the conversion ef- 
ficiency taking the phosphorus concentration (the upper scale 20 
in the graph) and the oxygen concentration (the lower scale) 
for the intrinsic semiconductor layer as the parameter is 

given in Fig. 5. 

A conversion efficiency higher than 12 % is achieved 
under AMI for an area of 1 cm2 by controlling the concentration 25 
of phosphorus to 5 x IQis cm-3 or lower (i.e., to a region 
enumerated 44), and particularly, to 3 x lO" cm-3 or lower. 
More specifically, a higher conversion efficiency can be 
attained by controlling the concentration of phosphorus in a 
range of from 3 x lOi* to 1 x 10" cm-s. Furthermore, a curve 30 
factor exceeding 0.7 can be obtained. Concerning short circuit 
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current, especially, a maximum value of 20 mA/cm2 is achieved • 
The open voltage, is in a range of from 0.86 to 0.93 V. A 
considerable iitproyement in the characteristics is observed by 
lowering the oxygen concentration to 4 x 1016 cm-3 or lower and 
thereby purifying silicon. 

In case of the exaitple above with reference to Fig. 4 
(B) , the device is fabricated at a low temperature in a range 
of from 200 to 250 by using a polycrystalline fiber-struc- 
tured semiconductor as the N-type semiconductor layer. For 
detail of the process, reference can be made to Patent 
Application No. 57-087801 (filed by the present inventor on,. 
May 24, 1982) . 

The present invention has been described in detail 
above by specifically referring to a photoelectric conversion 
device having a single PIN junction. However, the device 
according to the present invention may have two or more junc- 
tions by sequentially forming the layers in the order of 

PINPIN PIN. This is another important application field of 

the present invention. Moreover, the resulting structure may 
be integrated on a substrate. 

The description of the present invention above refers 
specifically to a case xxsing silane, and peurticulaurly, 
monosilane, as the gaseous silicide. However, the present 
invention is also effective for a case using polysilane, such 
as disilane, so long as the effective diameter of the silicide 
molecule is sufficiently large as to be separated by a 
molecular sieve. Accordingly, the present invention is useful 
in case SiFa or SiFi is xised, because the diameter of the 
molecules is as large as 5 A* 
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In case of germaniiam, germane (GeH4) may be used to 
fabricate a non-single crystal semiconductor SixGei-x (0 < x < 
1) or pure Ge, so that it may be enployed for the I- type 
semiconductor layer of a PIN junction. 

In the description above, a photoelectric conversion 
device coiiprising a single PIN junction is described. However, 
the present invention is .also effective for an insulated gate 
field effect semiconductor device having at least one NI or PI 
junction such as an NIP junction (i.e., a jimction conprising, 
in this order, a sovurce or drain, a channel forming region, . . 
and a soxirce or drain) or a PIP junction, as well as for a 
transistor having an NIPIN or a PINIP junction. 
4 . Brief Description of the Drawings 

Fig. 1 is a scheme of a plasma enhanced chemical vapor 
reactor for use in the fabrication of a semiconductor device 
according to the present invention. 

Fig. 2 is a graph showing the electric characteristics 
of a semiconductor obtained according to the present invention 
and that of a conventional intrinsic semiconductor. 

Fig. 3 is a graph showing the change of electric 
characteristics of a semiconductor obtained according to the 
gas purification method of the present invention. 

Fig. 4 is a photoelectric conversion device according 
to the present invention. 

Fig. 5 is a graph showing the characteristics of a 
photoelectric conversion device according to a scheme shown in 
Fig. 4 (B). 

i^licant for the Patent : 

Semiconductor Energy Laboratory Co., Ltd. 
Repr sentative : Shunpei Yamaza]ci 
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5 - CONTENTS OF AMENDMENTS 

(1) Amend the scope of patent claim as shown in an attach- 
ment. 

(2) ^'Specification, page 3, line 16 (in Japaneise specifica- 
tion) , amend "4.5A" to — 4.5& — • 

(3) Specification, page 5, line 12, amend "2 to 4 x IQis 
cm-13 to 5 X lOiScm-3" to —2 to 4 x 102fl cm-i3 to 5 x lOiacm-^--. 

(4) 'Specification, page 5, line 13, amend "1 x lO^^ x 1 x 
1014 cm-3 "' to — i~x lOia X 1 X lOifi cm-3 — : ' " " . 

(SV""" """'Specification, page 5, line 15, amend "4 x 1017 bnr3" 
to -^4^'I0ia^CT?3i-. - ■ 

(6) '^Specification, page 5, line 16, amend "4 x lOie to 1 x 
1013 cm-3" to ~4 X 1012 to 1 x 1011 cm-3~. 

(7) Specification, page 10, line 13," amend "2 to 4 x lOis 
cm-3" to --2 to 4 X 102ft cm-3~, 

(8) ' ^ Specification, page 11, line 8, amend -5 x 1018 cm-3 or 
less" to — 5 X 102fl cm-3 or less — . 

(9) Specification, page 13, line 9, amend "high grade 
product name" to — product name — . 

(10) Specification, page 22, line 2, amend "i-type semicon- 
ductor Tayer (33) " to — i-type semiconductor layer (lH — . 

(11) " Specif i^cation^ page 22 , lines 8 "to 9, am^rid ^""iiitrinsic 
semiconductor layer" to — intrinsic semiconductor layer (211 — 

(12) Specification, page 22, line 13, amend "transfer 
efficient" to —transfer efficient (4SLL— . 

(13) 'Specification, page 22, line 14, iamend "curve factor" 
to — curve factor M8) — . 

(14) Specification, page 22, line 15, amend "short-circuit 
current" to — short-circuit current (421—- 
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(15) Specification, page 22, line 18, amend "4 x IQis cin-3" , 
to — 4 X 1013, cm-3— . 

(16) Specification, page 23, line 9, amend the typographi- 
cal error in "stacking the pin junctions". 

(17) Amend Fig. 5 as shown in an attachment. 

SCOPE OF PATEMT CLAIM 

1. A semiconductor device including a substrate or 
a first electrode formed on the substrate, a non-single crys- 
tal semiconductor having at least one of a PI, NI or PIN 
jvmction on said electrode, and a second electrode on said 
semiconductor, characterized in that an intrinsic or substan- 
tially intrinsic semiconductor layer constituting said junc- 
tion has phosphorus contained in the iirpurity density of 5 x 
1015 cm-3. 

2. A semiconductor device as claimed in claim 1, 
wherein said intrinsic or substantially intrinsic semiconduc- 
tor layer is made of silicon or germanium to which hydrogen or 
halogen element having a semi -amorphous or amorphous structure 
with lattice distortion. 

3. A semiconductor device as claimed in claim 1, 
wherein said intrinsic or substantially intrinsic semiconduc- 
tor layer contains oxygen of 5 x lOis cm-3 ©r less. 
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